The morphometrics and reproduction of shrews (Sorex araneus, S. minutus, S. alpinus) was studied in Slovakia. Significant differences in weight, body length and tail length were recorded in adult and subadult shrews. Adult individuals and males had higher mean somatometric values (apart from tail length of subadults). The hind foot length was the least variable characteristic, which can be considered as the most stable taxonomic somatic characteristic of shrews. Weight and body length varied considerably. Values of somatic characteristics in S. araneus and S. minutus increased with increasing altitude, apart from hind foot length in S. araneus, which decreased with increasing altitude. The values of somatic characteristics declined with increasing continentality, but tail length gradually increased in the direction west -east at the highland level. Sorex minutus was characterized by the greatest reproductive activity (length of reproductive cycle AprilOctober, average number of embryos 6.97). The lowest reproductive activity was observed in S. alpinus (average number of embryos 5.72). The mating season of S. araneus began at the end of March and ended in August with an average number of embryos of 6.12.
Introduction
Systematics and evolution of the genus Sorex were studied by Ognev (1934) who considered Sorex spp. the oldest mammals living in the Palearctic region. The distribution, geographic variations and habitat demands of the Sorex spp. in Europe have been summarized by Mitchell-Jones et al. (1999) . Bionomics and distribution Sorex araneus L., 1758 were studied by Hausser et al. (1990) , of S. minutus L., 1766 by Spitzenberger (1990) and of S. alpinus Schinz, 1837 by Hutterer (1990) .
The occurrence of S. araneus and S. minutus depends on the presence of habitats with a rich plant cover and invertebrate supply. These species populate a wide range of altitudes: Sorex araneus to 2,480 m a.s.l., S. minutus to 1,700 m a.s.l. (Hausser et al., 1990; Hutterer, 1990 ). In the Czech Republic Sorex species were found at all hypsographic levels, from lowlands to high mountains (S. minutus to 1,450 m a.s.l., S. araneus to 1,602 m a.s.l.; Anděra, 2000) . Anděra (2000) determined the hypsographic occurrence of S. alpinus from 300 to 1,600 m a.s.l. in the Czech Republic. The hypsometric range of both, S. araneus and S. minutus, in Slovakia is quite broad and was recorded from 97 m a.s.l. (E Slovakia, Streda nad Bodrogom, Tajba -Mošan-ský & Stanko, 1998) to over 2,000 m a.s.l. in the High Tatra Mts (Svišťové sedlo 2,221 m a.s.l. -Hanzák & Rosický, 1949 ; 2,250 m a.s.l. -Rosický & Kratochvíl, 1955) . Sorex alpinus occurs from 200 m to more than 2,500 m a.s.l. (Spitzenberger, 1990) . The vertical occurrence of the species in Slovakia is recorded from 280 m a.s.l. (Kremnické vrchy Mts -Trnavá Hora Mt., Lodnianska dolina valley - Ambros et al., 1986) to 1,800 m a.s.l. (High Tatra Mts -Rosický & Kratochvíl, 1955) .
Information on the distribution and ecology of S. alpinus in Slovakia were compiled by Dudich & Štollmann (1983) , Štollmann & Dudich (1985) and Ambros et al. (1986) . The new knowledge about the ecology and biology of shrews in Slovakia was expanded upon by Baláž & Ambros (2005) . Biometric analysis of S. araneus was carried out by Homolka (1980) and Hůrka (1986) to determine the subspecies classification of this species. The authors stated that hind foot length and condylobasal skull length were appropriate characteristics to resolve the subspecies classification. Hůrka (1987) also evaluated the subspecies classification of S. araneus from former Czechoslovakia (only S. araneus araneus). Hutterer (1990) asserted that the European population of S. minutus was not homogeneous and confirmed the occurrence of the subspecies S. minutus minutus, which also appears in Slovakia. Ansorge (1990) studied the morphometry and 612 I. Baláž & M. Ambros taxonomy of S. alpinus in Germany. Kratochvíl & Rosický (1952) distinguished two subspecies of S. alpinus (S. alpinus tatricus and S. alpinus hercynicus), based on trapping in the Czech Republic and the High Tatra Mts, from which only S. alpinus tatricus Kratochvíl et Rosický, 1952 occurs in Slovakia. Shrew reproductive activity (litter size, number of young, length of mating season, age of sexual maturity, sex ratio) is a part of the bionomic characteristics of the species and also an indicator of population natality. Shrews are polyoestric animals, characterized by high reproductive potential. Reproduction frequency and litter size are well characterized by local abiotic and biotic conditions. In colder areas and at higher altitudes, numbers of young during the season decreases in polyoestric mammals, but the young are larger (Vlasák, 1986) . The size of S. araneus litter was noted by Vlasák (1998) . Mating of S. minutus was studied by Bouchner (1958) and Anděra & Horáček (1982) . Gaffrey (1961) , Niethammer (1960) , Haitlinger & Huminski (1964) and Beneš (1970) investigated reproductive activity of S. alpinus.
The aim of the present work is to broaden knowledge on the biology of shrews (Sorex araneus, S. minutus, S. alpinus) in Slovakia. . The shrews came from 559 sites representing almost every part of Slovakia. The number of shrews investigated was: S. araneus -3,996, S. minutus -1,232, S. alpinus -318. From 5,546 specimens, 867 came from W Slovakia, 3,369 from C Slovakia and 1,310 from E Slovakia; 756 were trapped in lowlands, 1,598 in highlands, 2,952 in mountainous areas and 240 in high mountains. The rest of the shrew material (11% in total) comes from trapping carried out by the authors (the trapping was part of the research initiated at the Staré hory Research Station). The results of teriological and parasitological research by the Staré hory Research Station were published by , 1987 , 1991 , 1993 and .
Material and methods

Specimen of the genus
The following characteristics were evaluated for the shrews: body weight (Wt) (in g), body length (LC) (in mm), tail length (LCd) (in mm) and hind foot length (LTp) (in mm). Descriptive statistics (mean, average, minimum, maximum, number of individuals) were calculated.
ANOVA, F-test and Student's t-test were used to analyze differences in somatic characteristics in relation to age categories, sex, hypsographic levels (lowland -up to 200 m a.s.l., highland -up to 550 m a.s.l., mountainous -up to 1,200 m a.s.l., high mountainous -above 1,200 m a.s.l.) and continentality increase: W Slovakia (17
• 30 E). Only adults were selected for comparison of somatic characteristics between altitudes and geographic regions.
The length of reproductive period during the year and potential litter size (number of embryos) were determined on the basis of females' pregnancy data. In particular, the length of S. araneus reproductive activity was evaluated according to hypsographic levels.
Juvenile individuals differ from subadults in overall size, colour and fur quality. The size of subadult individuals was similar to adults, but they were neither sexually mature (according to the development of sexual organs), nor sexually active.
The sex ratio in populations of adult and subadult shrews was compared using the χ 2 -test (PELIKÁN, 1984) .
Results and discussion
Somatometry
Sorex araneus
Evaluation of somatic characteristics of adult and subadult individuals, and between males and females of S. araneus showed that in all groups the most variable characteristic was the body length, while hind foot length showed the least variability (Tab. 1). As determined by the comparison of somatic characteristics of adult and subadults, the highest variability was displayed by adult individuals, particularly by adult females except for the hind foot length, which showed more variability in males. We found statistically significant differences in somatic characteristics between adult and subadult S. araneus. Higher average values were characteristic of adults, except tail length due to the abrasion of the tail and tail bristle. Tail length was more variable in subadults (t = −7.6; P = 3.49 × 10 −14 ) than in adults. Mean values of somatic characteristics in males were higher and differences between the sexes, except tail length, were significant (Tab. 2).
The mean values of S. araneus somatic characteristics were as follows: LC -74.8, LCd -41.9, LTp -13.5 (Ferianc, 1952) , Wt -9.6, LC -71, LCd -45, LTp -13 (Soviš, 1958) , Wt -7.94, LC -70.7, LCd -41.8, LTp -12.3 (Mošanský, 1957) , Wt -7.9, LC -64.7, LCd -41.8, LTp -13.2 (Mošanský et al., 1988) . Pucek (1964) considered body weight to be an unreliable characteristic for taxonomic purposes as it varies with season. Hůrka (1986) found a mean weight of 6.5 g and a body length of 58-83 mm (average 71.4 mm) in hibernating adults of a W Moravian population of S. araneus. Body length in the Czechoslovak population of shrews was 60-80 mm (Anděra & Horáček, 1982) , the tail length 32-50 mm (average 39.3 mm) (Hůrka, 1986) or 40.1 mm(average) (Dehnel, 1949) , the hind foot length 11.8-13.5 mm (Anděra & Horáček, 1982) .
We compared the mean values of S. araneus somatic characteristics from different hypsographic levels (Tab. 3). Mean weight, body length and tail length gradually increased with increasing altitude, whereas Key: SD -standard deviation, N -number of individuals. Table 2 . Differences in somatic characteristics between sexes and age categories in S. araneus.
t-test Means
Weight ( Hind foot length ad -sad 4.7** 13.1 (ad) 13.0 (sad) (mm) ad M -F 3.1** 13.2 (ad M) 13.1 (ad F)
Key: ad -adult individuals, sad -subadult individuals, Mmales, F -females, * P < 0.05, ** P < 0.01.
mean length of hind foot slowly decreased with increasing altitude. We noted the biggest differences between lowland and high mountainous populations in weight, the lowest differences in tail length. According to Hůrka (1986) , the hind foot length of S. araneus was 11-13.6 mm (mean 12.3 mm). In this study, the hind foot length was 13.04 mm and 13.3 mm in subadults and adults, respectively. Hůrka (1987) found a mean hind foot length of 13.1 mm and 12.4 mm for S. araneus in Slovakia and Moravia, respectively, i.e. an increase in the west -east direction, and also an enlargement with increasing altitude. His results are in contrast with the results of this study, as the hind foot length of the shrews from Slovakia decreased both in the direction west -east and with increasing altitude (Tab. 4). Correspondingly, in the highlands we discovered decreasing weight, body length and hind foot length in the west -east direction. In contrast, Key: ** P < 0.01, L -lowland, H -highland, M -mountainous level, Hm -high mountainous level.
tail length increased in this direction. Significant differences in values of somatometric characteristics were found between western and eastern shrew population.
Sorex minutus
Higher variability in somatic characteristics was noted in adult S. minutus population (Tab. 5) and within adults, in females (except hind foot length, which was more variable in males). Mean values of S. minutus somatic characteristics from literary sources are: Wt -3.6, LC -54, LCd -40, LTp -10.3 (Soviš, 1958) ; LC -55.7, LCd -35.7, LTp -10.6 (Mošanský, 1957) ; Wt -4, LC -41.5, LCd -35, LTp -11 (Mošanský et al., 1988) .
We confirmed significant differences in somatic characteristics between adult and subadult S. minutus, whereby the biggest differences were found for weight and body length. As in S. araneus, we did not find differences in hind foot length, confirming the stability of this characteristic during shrew ontogenesis. Mean values were generally higher in adult individuals, except tail length, which was significantly higher in Key: * P < 0.05, ** P < 0.01, W -data from west Slovakia, C -data from central Slovakia, E -data from east Slovakia. subadults. Mean values of all characteristics were significantly higher for males than females, except hind foot length (Tab. 6). Differences in mean values of somatic characteristics were also found between S. minutus populations from different hypsographic levels (Tab. 7). Mean values of somatic characteristics gradually increase in the direction from lowland -high mountainous level. The differences between lowland and high mountainous populations were highly significant for weight, body length and tail length.
We evaluated the shrew material from the aspect of geographic position in the direction west -east at three hypsographic levels, but from W, C and E Slovakia we only had data from the highland level (Tab. 8). Values of somatic characteristics gradually decreased in all hypsographic zones in the west -east direction. Hind Table 6 . Differences in somatic characteristics between sexes and age categories in S. minutus.
t-test Means
Weight (g) ad -sad 21.1** 3.9 (ad) 3.0 (sad) ad M-ad foot length from C Slovakia at the highland level was an exception, with the highest mean value. However, the mean hind foot length decreased from west to east.
In conclusion, mean values of somatic characteristics increased with altitude and in a west -east direction (with continentality), showing that altitude is a major factor in changing values of somatic characteristics.
Sorex alpinus
Values of all characteristics in S. alpinus were bigger in adults and among adults in females. Similarly to S. araneus and S. minutus, the highest variability was recorded in body length and the lowest in hind foot length (Tab. 9), i.e., hind foot length can be considered a very stable taxonomic characteristic. Significantly higher values of somatic characteristics (except hind foot length) were found in adults than in subadults, but tail was significantly longer in subadults. Average values of somatic characteristics are higher for males (Tab. 10). Due to the lack of data, geographical and hypsographical differences in somatic characteristics of S. alpinus were not analysed. Key: ** P < 0.01, W -data from west Slovakia, C -data from central Slovakia, E -data from east Slovakia. Key: ad -adult individuals, sad -subadult individuals, Mmales, F -females, * P < 0.05, ** P < 0.01.
Dehnel's phenomenon
An important feature in shrews' populations and subspecies classification is the determination of the ratio between tail length and body length. However, Dehnel (1949) did not find any notable connection between these characteristics. Hůrka (1986) determined the ratio in subadult and adult population of S. araneus to be 63.3% and 55.1%, respectively. We determined the ratio of tail length to body length in subadult population to be 62.5% and in adult individuals 56.9%, which corresponds with the results of Hůrka (1986) . The percentage ratio of tail length to body length for S. minutus was 68.7% (adults) and 73.9% (subadults). Kratochvíl & Rosický (1952) evaluated the ratio of tail length to body length. They found that tail length was only a little shorter than body length; for S. a. hercynicus the ratio of tail length to body length was 95.1% and for S. a. tatricus it was 79.8%. Based on these data, they declared the subspecies S. a. tatricus in Slovakia. The analysis of our measurements of Alpine shrew individuals showed that body length proportionally enlarged with age, while tail length was reduced. The ratio of body length to tail length (adults 84.4%, subadults 94.3%) is the basic criterion for distinguishing geographic races of S. alpinus. It clearly decreases in older age categories and is inversely proportional to weight gain in older individuals. According to variability analysis of somatic characteristics we claim that, in accordance with Mošanský (1980) and Spitzenberger (1978) , the race distribution of S. alpinus in Slovakia does not have any basis. We can evaluate Sorex alpinus as a monotype species.
The percentage ratio of tail length to body length decreased with age in all shrew species examined. Body length enlarged with age, but tail length probably did not change considerably.
Dehnel's phenomenon is a specific adaptation of Palaearctic Soricidae characterized by seasonal adaptation of physiological processes with significant reduction of individual somatic characteristics, for example body weight and some skeletal dimensions (Mežžerin, 1964) . We attempted to confirm Dehnel's phenomenon for adult shrews caught during the growing season and those caught during vegetation dormancy. We classified individuals caught from October to March as the winter category and specimen caught from April to September as the seasonal category. We found statistically significant differences in body weight and body length between winter and seasonal populations. We observed a considerable decrease in weight (by 27% in S. araneus, 21.2% in S. minutus) and body length (by 7.15% in S. araneus, 4.93% in S. minutus) during winter in comparison with individuals caught during the growing season. We did not confirm Dehnel's phenomenon for S. alpinus. Mean weight (10.8 g) and body length (76.5 mm) were lower for S. alpinus during winter than in summer (weight 11.3 g, body length 77.3 mm), but the differences were not statistically significant. Changes of weight in S. araneus occurred in two stages: the first stage from October to November (13%, preparation for hibernation), the second stage from December to March (10%, shortage of food).
Reproduction
Sorex araneus Subadult Sorex araneus predominated over adults in June (mainly from August to December, or January). The ratio of adults to subadults was 0.98 in June and 0.007 in January. From February to May, adult individuals predominated in the population, mainly in May (ratio of adults to subadults = 32.8). Subadults predominated overall (1537 adults: 245 subadults; 0.68). Pucek (1959) observed that subadult S. araneus predominated over adults from June to December, which is in accordance with our results. This fact can be explained as follows: offspring from the first litter leave the nests in May and June and their number gradually increases until December.
In the subadult cohort apart from March, April and July, males predominate over females. Pucek (1959) found a predominance of males only in January, February and June. Adult female S. araneus predominate in December, January and February but in other months males are predominant (from March till November). We noticed extreme sex ratios in April (1.81) and in December (0.5). Pucek (1959) recorded a predominance of females from September to March (mainly in December -ratio of males to females = 0.54). The author reported extreme values in June (5.51) and in agreement with our results in December (0.54).
It is well known from literary sources that the highest reproductive activity of S. araneus is from April to June (we also confirmed this fact) and during the mating season mainly male activity increases. This is undoubtedly the reason for male dominancy over females in this period (we found an extreme predominance of 
Key: NCF -number of caught females, NPF -number of pregnant females, % -percentage ratio of pregnant females from total number of caught females in certain months, ANE -average number of embryos. Pucek, 1959 in June) . In this period females are occupied by nest care, offspring and collecting food for numerous litters. Migration of females is limited to a very short distance, so they are less likely to be caught in traps. The decrease in male captures starts in winter (December -February), when females start to predominate. Pucek (1959) stated that females predominated over males from September to March. Male activity decreases during this period in conjunction with the end of mating. The decrease of male activity is accompanied by an increase in female activity. Overall, adult males predominate over adult females.
males in April and
Mating of S. araneus begins at the end of March (we observed the first pregnant females in the second week of April) and ends in August (the last pregnant females were seen in the first weel of September). We found 43 pregnant females in April, but only 31 were examined; in July we found 25 pregnant females and 21 were examined. The number of embryos in the uterus was determined only for examined females (Tab. 11). According to the number of pregnant females expressed as the percentage abundance in the total sample caught during the season we calculated the beginning of reproductive activity to be in April (23.2%). There were two peaks during the year (49.4% in May and 63.2% in August) and a decrease until September (38.5%).
We determined the period of sexual activity of S. araneus females is from the end of March to September; consistent with data from Hůrka (1986) , who observed the first litters in May; according to our calculations we assume the first litters to be in April. Furthermore, Hůrka asserted that reproductive activity was most intense in April, while according to the percentage ratio of pregnant females we determined two reproductive maxima (May and August).
The number of embryos in uterus varies between 2 and 10 (mean = 6.12, mode = 6). The number of embryos in uterus and the modal number of embryos gradually decreased during the season from April to September (7 in April, 6 in other months, but in July, the most frequent number of embryos was 5). Anděra & Horáček (1982) stated that reproductive activity of S. araneus was from March to September; females were pregnant approximately 21 days and had two litters. In Slovakia, 1-10 embryos (Vlasák, 1998 ) and 4-11 embryos (Krištofík, 1999) were found. Vlasák (1998) stated that the size of litter in old adult females was highest between April and July (9-10); the size of litter in young adult females was smaller (2-8).
We did not establish any fundamental difference (P = 0.432, ANOVA) between number of embryos in the right and left corner of uterus, because there were 0-5 embryos in both corners (mean number of embryos in both corners of uterus was 3). Hůrka (1986) observed between 6 and 3 embryos per S. araneus female in a W Moravian population, with a mean of 5.71. We found in the Slovak population the number of embryos of one female to be between 2 and 10, with a mode of 6 and mean value of 6.12.
We did not confirm any increase in the number of embryos per pregnant female with increasing altitude. Mean numbers of embryos in various hypsographic levels were: lowland -5, highland -7, mountainous -6, high mountainous -5.5. We can indicate the prorogation of female pregnancy of S. araneus at high mountainous level (shortened reproduction cycle from May to July). However, it is impossible to verify this proposition because of the insufficient number of pregnant females from the high mountainous level.
Sorex minutus
We found a predominance of adult S. minutus females in January, and a partial predominance in May. Mating of S. minutus begins at the end of March (the first pregnant females were found in the third week of April) and ends in September (the last pregnant females were detected in the third week of October, Tab. 12). According to the percentage of pregnant females in the total sample it can be assumed that reproductive activity is most intensive in July (50%) and gradually decreases until October (33%).
The number of embryos in the uterus of S. minutus varied between 4 and 10 (mean = 6.97); 7-8 embryos were most frequent. The highest percentage of pregnant Key: NCF -number of caught females, NPF -number of pregnant females, % -percentage ratio of pregnant females from total number of caught females in certain months, ANE -average number of embryos. Key: NCF -number of caught females, NPF -number of pregnant females, % -percentage ratio of pregnant females from total number of caught females in certain months, ANE -average number of embryos.
females had 7 and 8 embryos; the number of embryos above and below this value was less frequent. Sorex minutus lives in a similar way as S. araneus. It reproduces from March to September with 5-11 embryos; females have 1-2 litters (Anděra & Horáček, 1982) . We did not notice any difference between the number of embryos in the right and left corner of the uterus in S. minutus (P = 0.726, ANOVA); in both corners we found the lowest number 2 embryos and the highest number 5 (mode in both corners = 4).
Sorex alpinus
Female predominance of S. alpinus changed during the year, which was confirmed in February and May. However, the results are not conclusive as we evaluated reproduction of S. alpinus on the basis of a low number of pregnant females (11).
According to established data we can point out that the reproductive cycle of S. alpinus lasts as long as the period of reproductive activity of S. araneus and S. minutus. Reproduction begins in March, as determined from the first pregnant females in the second week of April (45.5%), and continues until September (the last pregnant females were recorded in the third week of September -25%). In contrast to S. araneus and S. minutus, S. alpinus reproductive activity is most intense in April and decreases until the end of the year.
Number of embryos varied between 5 and 7 (mean = 5.72); the modal number of embryos was 5 (Tab. 13).
Number of embryos in the right and left corner of the uterus in S. alpinus was the same (2-4, mode = 3). Gaffrey (1961) proposed that the reproductive period of S. alpinus, lasting from April (May) to August, is the shortest of all C European species of the Sorex genus, with 1-2 litters per year. Haitlinger & Huminski (1964) stated that the number of embryos in S. alpinus was 3-9 (with a mean of 5.8). Beneš (1970) determined the reproductive period of S. alpinus to be longer than it was assumed (from April to October), with 3 to 6 embryos in uterus. In conclusion, he stated that the generation cycle of S. alpinus and S. araneus was probably almost identical.
Reproductive activity of shrews is also connected with the ratio of males to females and changes of the sex ratio during the year. The sex ratio in shrew populations changes during the year and is influenced by seasonal changes. The sex ratio of caught animals was in favour of males in all species of the shrews of both age categories. Males are more active on the ground than females, which are probably more occupied by caring for offspring, while males migrate for food and in search of mates. By observing sex ratio in the adult shrew population in certain months we found that in all species females predominated in winter (December -February) and males were predominant during the rest of the year (except May for S. minutus and March and April for S. alpinus, when females were predominant). Female predominance in winter is probably due to the fact that in this period they are not occupied by the care of offspring and they are more active in searching for food. The summary sex ratio (males : females) was 1.31 for S. araneus, 1.26 for S. alpinus and the highest representation of males was forS. minutus (1.56). During the year, the sex ratio of subadult shrews alternated in favour of males and females. The situation was not the same for adults, because subadult individuals were not occupied by the care of offspring and males were not occupied by mating.
